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(57 ABSTRACT 
A method of producing a thin-film magnetic disk hav 
ing high coercivity and magnetic remanence, good loop 
squareness, and low fluctuation in peak-to-peak record 
ing signal amplitude over an entire circular recording 
path. The novel aspects of the method which contribute 
to the performance characteristics of the disk are (a) 
layering a 300-1,000 A magnetic film containing be 
tween about 70-88% cobalt, 10.28% nickel, and 2-12% 
chromium over a 1,000-4,000 A chromium underlayer; 
(b) forming the film and underlayer under sputtering 
disposition conditions which prevent low-angle asym 
metrical sputtering; and (c) shielding the disk substrate 
during sputtering in a manner which produces substan 
tially uniform-thickness deposition. 

4 Claims, 4 Drawing Sheets 
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METHOD OF PRODUCING THIN-FLM 
STORAGE DISK 

This application is a continuation-in-part of U.S. pa- 5 
tent application Ser. No. 672,595, for "Thin-Film Stor 
age Disk', filed Nov. 15, 1984, now abandoned, and a 
continuation-in-part of U.S. patent application Ser. No. 
706,737, for “Sputtering System Baffle and Method”, 
filed Feb. 28, 1985 now U.S. Pat. No. 4,604,179. 10 

FIELD OF THE INVENTION 

The present invention relates to magnetic recording 
media, and particularly to a method of producing a 
thin-film magnetic recording media having high perfor- 15 
mance characteristics. 

BACKGROUND OF THE INVENTION 

When a magnetic material, e.g., the magnetic film of 
a recording disk, is placed in a magnetic field H, a mag- 20 
netic flux M is induced in the material. (For purposes of 
background explanation, reference is made to the M-H 
hysteresis loop which is shown in FIG. 9.) The loop 
closure points in an M-H hysteresis loop (such as the 
one illustrated in FIG.9 herein) define the positive and 25 
negative magnetic field values Hs at which reflux satura 
tion occurs. If the field is varied from Hs to zero, the 
material retains a characteristic flux density M, or re 
manence, which measures the ability of the material or 
hold magnetic flux in the absence of an external mag- 30 
netic field. Operationally, remanence determines the 
signal amplitude which can be read from an isolated 
pulse stored in the medium-the greater the remanence, 
the greater the signal amplitude which can be detected 
in a reading operation. 35 
A second important property of a recording medium 

is its intrinsic coercivity H, defined as the magnetic 
field required to reduce the remanence magnetic flux to 
O, i.e., the field required to erase a stored information 
bit in the medium. With reference to FIG. 9, H is de- 40 
fined as the measured magnetic field at Ms 0. It can be 
appreciated that higher coercivity in a medium allows 
adjacent recorded bits to be place more closely together 
without mutual cancellation. Accordingly, higher coer 
civity in a magnetic medium is associated with higher 45 
information storage density. 
Other important magnetic properties are loop square 

ness, and the ratio of coercivity to saturation field, i.e., 
H/H. As can be appreciated with reference to FIG. 9, 
as Hs becomes smaller (approaches H.), it takes less field 50 
strength to switch or "write' the medium. In practical 
terms, this means that when a new signal is written over 
an old signal, the ratio of old signal residual to new 
signal is relatively small. This ratio is also referred to as 
overwrite, a small overwriteratio including good writa- 55 
bility. In summary, high remanence and coercivity and 
high hysteresis-loop squareness contribute importantly 
to signal strength, storage density, and overwrite char 
acteristics in a magnetic recording medium. 

Considerable effort has been devoted in the prior art 60 
to the preduction of magnetic recording media having 
the desired properties discussed above. One method 
which has received increasing attention involves vapor 
deosition of an ion-bombarded target metal, or sputter 
ing onto a substrate. In the usual sputtering system, a 65 
pair of disk-like substrates, carried in a side-by-side 
arrangement on a pallet, is moved through a succession 
of sputtering stations, in a front-to-back direction, to 

2 
produce one or more underlayers, an outer magnetic 
thin film, and a protective coating. The overall method 
provides efficient, high throughput production of multi 
layered thin-film media. 

Despite these advantages, sputtering systems of the 
type mentioned above have not been entirely satisfac 
tory, in that the sputtered layer may show significant 
crystal anisotropy and/or variations in layer thickness. 
Both types of surfaces nonuniformities lead to angular 
variations in magnetic signal properties, particularly at 
outer-track regions of a magnetic disk. As will be seen 
below, signal-amplitude variations of up to about 25%, 
as measured at an inner-diameter recording track, and 
up to about 40%, as measured at an outer-diameter 
recording track, are typical in magnetic recording disks 
formed in sputtering systems of the type described 
above. 

In theory, it should be possible to eliminate crystal 
anisotropy and variations in film thickness in a sputter 
ing operation by rotating the substrates as they pass 
through each of the sputtering stations. However, it 
would be relatively difficult and expensive to adapt 
existing types of sputtering systems to provide simulta 
neous linear and rotational substrate movement through 
the various sputtering stations. An alternative approach 
which is compatible with the design of existing com 
mercial sputtering machines would be to partition each 
sputtering target into a number of smaller target regions 
by placing multiple shields or baffles between the target 
and the region where deposition occurs. These baffles 
would act to prevent all but direct, high-angle deposi 
tion from the target onto the substrate. A number of 
baffle configurations, including a multi-web lattice or a 
plurality or relatively close-packed cylinders, would be 
suitable. Although this approach would result in a sput 
tered layer having an isotropic crystal structure and 
relatively uniform thickness, the time and amount of 
target material needed to form the layer would be rela 
tively great, since a majorportion of the sputtered mate 
rial would be deposited on the walls of the baffles. 
Maintenance problems relative to removing deposited 
material from the baffles regularly would be consider 
able, as well. 

SUMMARY OF THE INVENTION 

It is therefore a general object of the invention to 
provide a method for forming, in a high throughput 
sputtering system of the type described above, a thin 
film magnetic recording disk or medium having high 
performance characteristics related to high coercivity 
and remanence, and good loop squareness, and which 
gives fluctuations in peak-to-peak recording signal am 
plitude, over an entire circular recording path, of no 
more than about 15%. 
Another object of the invention is to provide such a 

method which is highly efficient, in terms of deposition 
material and rate of deposition of sputtered material. 
A relatied object of the invention is to provide such a 

method for producing high-performance recording 
media in an automated highly reproducible manner. 
The method is directed specifically to producing a 

thin-film magnetic disk having a coercivity of about 700 
A, a magnetic squareness ratio of at least 3X 10-3 
EMU/cm2, a loop squareness ratio of at least about 0.85, 
and characterized by fluctuations in peak-to-peak re 
cording signal amplitude, over an entire circular path, 
of no more than about 15%. In practicing the invention, 
a disk is placed on a pallet for movement, linearly and 
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without rotation, through a sputtering apparatus having 
a first target adapted to sputter a chromium underlay 
onto the substrate, and a second, or downstream, target 
adpated to sputter onto the underlayer an alloy contain 
ing between about 70-86% cobalt, 10-28% nickel, and 
2-12% chromium. 
The pallet is first moved into an upstream deposition 

region underlying an upstream portion of the first tar 
get, during which the substrate is shielded to limit depo 
sition of sputtered material substantially to (a) substrate 
regions which directly underlie the target and (b) target 
side regions which are substantially symmetrical with 
respect to the center-line path of travel of the substrate. 
The deposition of sputtered material in the upstream 
deposition region is effective to produce a coalesced 
crystal layer, at least about 200 A thick, whose crystal 
orientation directions are substantially isotropic. The 
target is then moved into a downstream deposition 
region underlying a downstream portion of the first 
target, where sputtering takes place under conditions 
which substantially preserve the crystal isotropy of the 
coalesced crystal layer, and which produce a final chro 
mium underlayer thickness of between about 1000 and 
4000 A. 
The substrate is now moved into and through a film 

deposition region underlying the second target, in 
which the alloy is sputtered onto the isotropic under 
layer at sputtering angles which substantially preserve 
the crystal isotropy of the underlayer. The substrate is 
also shielded from the second target in a manner which 
provides progressively less shielding between the sec 
ond target and substrate, on moving outwardly away 
from the center-line path of substrate travel, toward 
opposite side regions of the substrate, to produce a 
substantially uniform-thickness alloy film which has a 
final selected film thickness of between 300-1,000 A. 

In a preferred embodiment of the invention, the sub 
strate is shielded from the first target by a baffle having 
front and back shields which limit deposition onto the 
substrate predonimantly to substrate regions which 
directly underlie the target, and a pair of baffle strips (a) 
positioned on either side of the substrate with such in 
the front deposition region, to effect substantially sym 
metrical, unhindered side-to-side sputtering, and (b) 
extending between the two shields in a generally front 
to-back direction. A similar type of baffle having front 
and back shields, and a pair of front-to-back strips ex 
tending therebetween is preferably used to shield the 
substrate from the second target. The shielding which 
effects uniform-thickness deposition in the film deposi 
tion region is preferably a projection having side edges 
which are tapered inwardly on progressing away from 
front or back baffle shields. 
These and other objects of the present invention will 

become more fully apparent when the following de 
tailed description of the invention is read in conjunction 
with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front-on view of a sputtering station in a 
system employing baffles constructed station in a sys 
ten employing baffles constructed according to the 
invention; 
FIG. 2 shows the sputtering station of FIG. 1, as 

viewed from the side, along line 2-2 in FIG. 1; 
FIG. 3 is a plan view of a baffle constructed accord 

ing to one embodiment of the invention; 
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4. 
FIG. 4 is a sectional view of the baffle, taken gener 

ally along the line 4-4 in FIG. 3; 
FIG. 5 is a plan view of a baffle constructed accord 

ing to a second embodiment of the invention; 
FIG. 6 is a sectional view taken generally along line 

6-6 in FIG. 5; 
FIG. 7 is a sectional view of a surface portion of a 

magnetic recording medium formed in accordance with 
the invention; 
FIG. 8A shows variations in peak-to-peak recording 

signal amplitude, as a function of angular disk positions, 
at inner diameter (solid lines) and outer diameter (dot 
ted lines) recording tracks, in a magnetic recording 
medium constructed in accordance with the invention; 
FIG.8B is a view like FIG. 8A, showing variations in 

recording signal amplitude in a disk formed by conven 
tional sputtering methods; 
FIG. 9 shows the M-H hysteresis-loop of an exem 

plary disk produced in accordance with the invention; 
and 

FIG. 10 is a graph of amplitude and resolution char 
acteristics, as a function of recording density, measured 
for an exemplary disk. 
FIG. 11 shows the comparison of the amplitude/reso 

lution characteristics of a number of commercially 
available media, including the instant disk. 

DETALED DESCRIPTION OF THE 
INVENTION. 

FIGS. 1 and 2 show, respectively, simplified front-on 
and side views of the sputtering station 14, in a multi 
station sputtering apparatus or system 16. The system 
includes at least two sputtering stations, including a first 
station 17, seen in FIGS. 1 and 2, at which an under 
layer is sputtered onto a substrate, and a second station, 
not shown, at which a magnetic thin film is deposited on 
the substrate. The basic sputtering system (without the 
baffle modifications described below) is preferably a 
commerically available system, such as is manufactured 
by Circuits Processing Apparatus (Fremont, CA), 
ULVAK (Japan), Leybald Heraeus (Germany), VAC 
TEK (Boulder, CO). or Materials Research Corpora 
tion (Albany, NY). These systems are double-sided, 
in-line, high throughput machines having two interlock 
ing chambers, for loading and unloading. 

Sputtering station 17, which is representative, in 
cludes an upper target 20 having a target surface 22, and 
a lower target 24, whose target surface 26, confronts 
surface 22, as shown. Each target has a rectangular 
shape which is dimensioned to "cover” a pair of sub 
strates such as substrates 28, 30, moving through the 
sputtering station. That is, with the substrates in the 
center of the sputtering station, as shown, the two sub 
strates lie entirely above or below the two targets. In 
one sputtering system which will be illustrated herein, 
designed for use in producing one or more thin layers 
on a 5-3 in diameter substrate, the target has rectangu 
lar dimensions of about 16.5 in. by 7 in. The target is 
adapted for sputtering a pure metal or metal alloy mate 
rial, and preferably pure chromium, by bonding a film 
of the metal material on the target backing. The rate of 
deposition is controlled conventionally, and is adjust 
able to vary the thickness of a layer being formed on the 
substrate, with such moving through the station at a 
given speed. 

Substrates, such as substrates 28, 30, are supported in 
a side-by-side fashion seen in FIG. 1 on a pallet 32. Each 
substrate, such as substrate 28, is carried on the pallet in 
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a recessed rim of an opening, such as the one shown at 
34 in FIG. 1. The openings permit deposition of sput 
tered material from target 24 onto the lower faces of the 
two substrates. 

Pallet 32 is mounted in the sputtering system for 
movement through the sputtering station, in a front-to 
back direction, on a pair of tracks 36, 38, which extend 
through the one or more stations in the system. The two 
tracks may be electrically isolated to allow a desired 
voltage potential to be placed on the substrates through 
the pallets, which are preferably formed on conductive 
material. The pallet is positioned within the sputtering 
station on tracks 36, 38, to place the upper and lower 
surfaces approximately equal distances from the sput 
tering surfaces of the upper and lower targets, respec 
tively, so that thin-film deposition is symmetrical with 
respect to the two surface planes of each substrate. 
A conventional chain drive is operable to move pallet 

32 (and a succession of substrate-carrying pallets) 
through the one or more sputtering stations in the sys 
tem, in a front-to-back direction (left-to-right in FIG. 2. 
The chain drive, which is also referred to herein as 
moving means, is indicated by arrow 40 in FIG. 2, 
which indicates the direction of pallet movement. The 
pallets are moved typically at a rate of between about 
5-100 cm/min. 
Also shown in the FIGS. 1 and 2 are identical baffles 

42, 44 which are constructed to effect substantially 
symmetrical deposition of target material onto the sub 
strate, in accordance with the invention. The two baf 
fles replace the usual rectangular metal frames found in 
commercial sputtering systems of the types under dis 
cussion, and are bolted on the targets in the same man 
ner that conventional frames are. 

Baffles 42, which is representative, will be described 
with particular reference to FIGS. 3 and 4. The baffle 
includes a generally rectangular frame 46, having 
notched corners, such as corner 47, seen in FIG. 3. The 
frame has substantially the same rectangular dimensions 
as the target, whose square corners are seen in dashed 
lines at 20 in FIG. 3. In the system where the target has 
the above-mentioned planar dimensions of about 16.5 
times 7 in., the baffle has the approximate dimensions, 
identified by the designated arrows, as follows: a = 2.1 
in, b= 12.5 in., c=0.9 in., and d=5.25 in. The target 
and baffle having the dimensions noted are designed for 
use in sputtering on a 5-2 in. or smaller-diameter sub 
strates. The target and baffle dimensions can be in 
creased, in a roughly proportional manner, to accom 
modate sputtering onto larger substrates. 
The baffle frame is composed of front and back 

shields, or frame members 48, 50, respectively, each 
having the outer notched or stepped regions forming 
the frame notches, such as notch 47 seen in FIG. 3. The 
front and back frame members are joined, as by weld 
ing, at their side edges by a pair of side frame members, 
52, 54, to form the rigid frame structure. The width of 
the frame in the embodiment under consideration is 
about 2.2 in. With the baffles placed operationally on 
the respective targets, the distance between the sub 
strate and the lower edge of the baffle is about 0.5 in. 
The baffle includes three strips, 56, 58, 60, extending 

between the front and back frame members (FIG. 3), 
and attached thereto as by welding. The central strip is 
disposed midway between the sides of the baffle and 
therefore extends along the front-to-back center line of 
the associated target, with the baffle placed operation 
ally on the target. Each of the other two strips is posi 
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6 
tioned, with respect to the center strip, an equal dis 
tance from the center-line path of travel of the associ 
ated substrate; that is, strips 56 and 58 are equidistant 
from the center-line path of travel of substrate 28, indi 
cated by dash-dot line 28a in FIG. 3, and strips 58, 60 
are equidistant from the center-line path of travel of 
substrate 30, indicated by dash-dot line 30a, Stips 56,58, 
in conjunction with adjoining portions of frame men 
bers 48, 50, define a substantially square window 61 in 
which the entire substrate (shown in dashed lines in 28) 
can be viewed, when the substrate is positioned cen 
trally with respect to the baffle as indicated. Similarly, 
strips 58, 60 form with adjoining portions of frame 
members 48 and 50, a second substantially square win 
dow 63 through which the entire region of the side 
adjacent substrate, shown by dashed line 30, can be 
viewed. 
The width of the strips is selected to produce a de 

sired amount of shielding of target material being sput 
tered in side-to-side directions (right/left directions in 
FIGS. 1 and 3) as will be detailed below. Generally, 
where greater crystal isotropy is desired in the sput 
tered layer, the selected strip width will be greater, to 
insure more symmetrical deposition of sputtered mate 
rial onto the substrate and to effect greater shielding of 
low-angle material. In the particular baffle under dis 
cussion, having a frame width of about 2.2 in, the strip 
thickness indicated, by arrow f in FIG. 4, is between 
about 0.5-1.5 in. The strips are positioned about mid 
way between the top and bottom edges of the frame as 
shown. 
Looking at FIG. 3, the baffle further includes front 

and back shield plates 62, 64, respectively, which are 
attached, as by welding, to the lower edge regions of 
members 48, 50, respectively. Each plate is fashioned, as 
shown, to form a pair of side-by-side trapezoidal projec 
tions, such as projection 66 in plate 62 and confronting 
projection 68 in plate 64. The plate projections are 
tapered, moving radially outwardly away from a cen 
tral region of the corresponding baffle window, to pro 
vide progressively less shielding between the target and 
the substrate, on moving radially outwardly toward 
opposite side regions of the substrate. The dimensions of 
each projection, indicated by the arrows f, g, and h are 
2.5, 1.25, and 0.75 in., respectively, in the baffle under 
consideration. 
Completing the description of baffle 42, the reduced 

width left and right end portions of the baffle are cov 
ered at their lower edges by end plates 72, 74, respec 
tively. The plates are attached to the adjoining lower 
edges of the baffle, as by welding. The plates are 
notched, as indicated, to a preferred depth of 0.25 in. in 
the instant embodiment. The central hole in each plate 
is used in fastening the baffle to the target. Baffle 42, 
including the four frame members, strips 56, 58 and 60, 
the two shield plates and end plates 72, 74, are prefera 
bly formed of sheet metal, such as stainless steel, with 
preferred thickness of between about 0.05 and 0.1 in. 
FIGS. 5 and 6 illustrate, in plan and side-sectional 

views, respectively, a second type of baffle 80 which is 
effective in practicing the method of the invention. The 
baffle includes a frame 82 which is substantially identi 
cal to frame 46 in baffle 42. The frame'front and back 
frame members 84, 86, respectively, form front and 
back shields which act to limit deposition of sputtered 
target material to substrate regions directly underlying 
the target, as will be seen. The reduced-width end por 
tions of the baffle are provided with end plates 85, 87, 
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similar to plates 72, 74 in baffle 42, and are attached, as 
by welding, to associated lower edge portions of the 
frame. 
The baffle contains four curved members 88,90, 92, 

94, disposed within the frame as shown in FIG. 5. Each 
member is attached, as by welding, to the associated 
inner face of the front or back frame member, and con 
fronting curved members are attached to one another, 
also as by welding, at their point of connection midway 
between the front and back frame members. In a frame 
having the same dimensions of those of above-described 
frame 46, each of the curved members has a radius of 
curvature, indicated by arrow i in FIG. 5, of about 2.9 
in. The center of the semi-circle formed by each mem 
ber is indicated by a cross, such as the one at 96 in strip 
88. The drawing also shows, in dashed lines, the outline 
of a pair of substrates 28, 30 which are centered directly 
below a target to which the baffle is attached, and in 
dash-dot lines at 28a and 30b, respectively, the center 
line paths of travel of the two substrates through a 
sputtering station. As seen, each path of travel intersects 
the centers of the confronting curved members in the 
corresponding baffle region. As seen in FIG. 6, the 
upper edges of the looped members are flush with the 
upper edges of the frame, and extend a distance indi 
cated by arrow j below the upper edges of the frame. 
The width j of the members is about 1.5 in. in a baffle 
whose frame width is about 2.2 in. 

Each curved member, such as member 88, may be 
thought of as comparing a pair of quarter-circle baffle 
strips, such as strips 88a and 88b in strip 88. As can be 
appreciated with reference to FIG. 5, the two strips in 
each member 88,92 are positioned symmetrically above 
opposite sides of a substrate, with such underlying a 
front portion of the target. The strips are adapted to 
produce substantially symmetrical sputtering from tar 
get side directions during early phases of layer deposi 
tion on each substrate, as will be described below. 
The baffle further includes a pair of shield plates 94, 

96 attached, as by welding, to the lower edges of the 
frame's front and back members, respectively. Each 
plate is fashioned, as shown, to form a pair of side-by 
side trapezoidal projections having substantially the 
same dimensions as the above-descirbed projections in 
baffle 42. As can be appreciated from FIG. 5, the ex 
posed portion of each curved member-that is, the 
portion extending beyond the associated trapezoidal 
projection-defines a substantially semi-circular win 
dow, through which about half of a substrate can be 
viewed, when positioned in either the front or back 
region of the associated target. The semi-circular win 
dow formed by member 88 is indicated at 98 in FIG. 5. 
The baffle having the particular dimensions just de 
scribed is adapted for use in sputtering onto a pair of 
substrates with diameters of about 5.25 in. or less. For 
substrates substantially larger than 5.25 in., both target 
and baffle dimensions can be scaled up roughly propor 
tionately, as with baffle 42. 
The method of the invention for producing a high 

performance magnetic recording medium will now be 
described. A fragmentary surface region of such me 
dium, or disk, is shown sectionally at 104 in FIG. 7. The 
disk generally includes a substrate 106, and, forming 
successive thin-film layers over the substrate, a chro 
mium underlying 108, a magnetic thin film 110, and a 
protective coating 112. It is understood that FIG. 7 
illustrates only one of the two recording sides of disk 
104, the "lower' magnetic recording surface having 
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8 
substantially the same construction as the upper record 
ing surface. Although the sputtering steps will be de 
scribed only with reference to events occurring on the 
upper substrate surface, it is recognized that substan 
tially identical deposition events are occurring at the 
same time on the substrate's lower surface. In particu 
lar, the reference to a substrate as positioned "below' its 
target refers to the sputtering events occurring at the 
upper substrate surface, it being understood that the 
lower substrate surface is, at the same time, positioned 
above its target. 
The disk is preferably produced in accordance with 

the invention in a sputtering system having four station 
s-an initial heating station at which substrate heating 
occurs, and three sputtering stations where the under 
layer, magnetic thin film and outer coating are formed 
successively on the substrate. The substrate used in 
forming the disk is a conventional rigid aluminum alloy 
substrate of the type used commonly in digital record 
ing disks for read/write recording by a flying head 
which flies close to the recording surface. Rigid alumi 
num disks coated with a suitable surface alloy can be 
obtained from Poly Disk, Inc. (Los Angeles, CA) and 
Knudsen Systems, Inc. (Chino, CA). 
The substrate, which is loaded in the system in a 

side-by-side arrangement on a two-substrate pallet, as 
described above, is moved initially into a heating station 
to heat the substrate to a desired surface temperature. 
Typically a heating source setting of 2.5 kw (on each 
side of the pallet) is employed. 
The heated substrate is then moved toward the first 

sputtering station at which the chromium underlayer is 
to be formed. The target in the sputtering station is 
equipped for sputtering chromium at a preferred target 
power of between about 0.8 and 4kw. With reference to 
FIGS. 2 and 3, it can be appreciated that as the substrate 
approaches the front of the sputtering station (from the 
right in FIG. 2) the front frame member, or shield 48 in 
baffle 42, acts to limit deposition onto the substrate to 
substrate regions which directly underlie the target, i.e., 
low-angle deposition from the target onto approaching 
substrate regions outside of the target area is effectively 
shielded. This insures that the substrate does not see 
asymmetrical low-angle deposition in back-to-front 
directions, in the absence of direct overhead deposition. 
Also during the early phases of crystal growth on the 

substrate, central strip 58 acts to shield each substrate 
from material which would otherwise be sputtered at 
low angles from the opposite side of the target. On each 
side of the target, such as the left target side in FIG. 3, 
the central strip and the associated side strip, such as 
strip 56, are positioned symmetrically on the opposite 
sides of the center-line path of the substrate, which is 
moved below that side of the target. Each side strip, 
such as strip 56, functions to limit low-angle deposition 
from the associated reduced-width end region of the 
target such that side-directed sputtering onto the sub 
strate is substantially symmetrical with respect to the 
path of the substrate. Also, as can be appreciated, the 
two strips provide substantially unhindered deposition 
onto the substrate from the target region directly over 
lying the substrate. That is, ther is no shielding between 
the target and the regions of the substrate which under 
lie the target. 
The initial layer formation events just described in 

clude formation of isolated crystal nuclei, growth of the 
isolated crystals, referred to as "island formation', and 
finally coalescence of the crystallites to form a continu 
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ous crystal layer. The thickness of the coalesced crystal 
line layer is typically about 200 A and is formed, under 
usual sputtering conditions, in the first 10-25% of travel 
of the substrate through the sputtering station. This 
region, where the just-described early phases of crystal 
layer formation occur, is also referred to herein as the 
front, or upstream, deposition region, and underlies an 
upstream portion of the target. 

Because of the degree of deposition angle symmetry 
and the need to limit low-angle deposition is greatest in 
the front deposition region, the baffle strips, and partic 
ularly the center baffle strip is preferably wide enough 
to block out substantially all deposition onto a substrate 
from the opposite side of the target. In a baffle having 
the dimensions mentioned above, strips 56, 58 and 60 are 
preferably about 1.5 in. wide. 
Once the coalesced crystalline layer has formed on 

the substrate, continuing deposition may occur with less 
symmetrical sputtering without significantly disturbing 
the already-established crystal orientation directions 
formed in the front deposition region. In these layer and 
final stages of deposition, which occur at the substrate 
passes through a back or downstream deposition region, 
the baffle acts principally to limit sputtering to angles 
which are substantially no less in magnitude than those 
seen by the substrate in the front sputtering region. In 
baffle 40, this function is accomplished primarily by 
center strip 58, which limits asymmetrical, low-angle 
deposition from opposite sides of the target. Also asym 
metrical, low-angle deposition is limited by back shield 
50 which acts to prevent sputtering onto target regions 
which do not directly underlie the target as the sub 
strate is being moved out of the target area. The rate of 
movement of substrate through the first sputtering sta 
tion and the rate of sputtering from the target are con 
trolled to produce a final chromium underlayer thick 
ness between about 1,000 and 4,000 A, and preferably 
between about 1,000 and 2,000A. The sputtering angles 
allowed by the baffle are such that the crystal isotropy 
of the coalesced crystal layer (formed in the upstream 
deposition region) is substantially preserved. 
The functioning of baffle 80 illustrates how a baffle 

with a quite different configuration functions in produc 
ing a substantially isotropic sputtered underlayer, in 
accordance with the method of the invention. It is noted 
first that the early phases of layer formation-up to the 
coalesced crystallite stage-occur within each of the 
front curved members. As a substrate is moved into the 
sputtering station, front shield 84 in the baffle acts to 
limit deposition to substrate regions which directly 
underlie the target. At the same time, front/back depo 
sition within each front curved member is limited to a 
relatively narrow range of angles allowed by the radius 
of the curved member. The two strips making up each 
curved member, such as strips 88A and 88B, in member 
88, act to limit side-directed deposition to symmetrical 
angles which are generally greater than the side 
directed deposition angles allowed in baffle 42, due to 
the narrowing distance between the strips on moving 
rearward. 
As the substrate moves from the semi-circular region 

defined by curved member 88, deposition angles are 
limited in a side-to-side direction, by curved member 90, 
whose two quarter-circle portions form rear extensions 
of baffle strips 88a, 88b in member 88. That is, members 
88, 90 collectively form a pair of strips which extend in 
a generally front-to-back direction between the front 
and back shields in the baffle. Also limiting asymmetri 
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10 
cal, low-angle deposition on the substrate is back shield 
86, which acts to prevent sputtering onto target regions 
which do not directly underlie the back region of the 
target. It can be appreciated from FIG. 5, that deposi 
tion of material onto the substrate is substantially sym 
metric in a side-to-side direction, and substantially un 
hindered (unshielded) when the substrate is either 
halfway into or halfway out of the region directly un 
derlying the target. As defined herein, sputtering depo 
sition is substantially unhindered, in a side-to-side direc 
tion, if it is substantially unhindered over the entire 
region of the substrate underlying the target, as in the 
FIG. 3 embodiment, or it is substantially unhindered 
over front and back halves of the substrate underlying 
the target as the substrate passes through the sputtering 
region. 

Following formation of the isotropic crystalline un 
derlayer, the substrate is moved into and through the 
second sputtering station where the magnetic thin-film 
is deposited on the substrate. According to one aspect 
of the invention, it has been discovered that exceptional 
coercivity magnetic remanence, and loop squareness 
properties can be achieved in a thin-film composed of 
cobalt, nickel, and chromium, in a weight ratio of be 
tween about 70-88% cobalt, 10-28% nickel, and 2-10% 
chromium, and preferably between about 74-78% co 
balt, 15-25% nickel, and 5-10% chromium. 

During movement of the substrate through the sec 
ond sputtering station, the alloy material is sputtered at 
deposition angles which substantially preserve the iso 
tropic crystalline character of the underlayer. This is 
done, as in the first sputtering station, by shielding the 
substrate from low-angle, asymmetric deposition an 
gles. The shielding function can be performed by a 
baffle having the general features of the baffle 42 or 80, 
i.e., front and back shields which limit deposition to 
regions which substantially underlie the target, and one 
or more strips extending between the front and back 
shield, to limit small-angle asymmetric deposition from 
one side of the target onto substrate regions which 
underlie the other side of the target. As indicated above, 
once the initial coalesced portion of the underlayer is 
formed, asymmetric and/or low-angle deposition is less 
critical to achieving crystal isotropy, and greater lati 
tude in deposition angles is allowed. Thus, for example, 
the center strip in baffle 42 need not shield against sput 
tering from opposite sides of the target to the same 
degree that is required during initial underlayer forma 
tion. 
According to another aspect of the invention, film 

deposition region, in a manner that provides progres 
sively less shielding between the target and substrate, on 
moving outwardly away from the path of travel of the 
substrate, toward opposite side regions of the substrate. 
Such shielding is intended to offset the greater concen 
tration of material which is deposited in the center-line 
region of the substrate along the path of the substrate 
travel. It can be seen in FIG. 3, for example, that strip 
58 and associated side strips 56, 60 effectively divide the 
target into two square windows, each bisected in a 
front-to-back direction by the path of travel of the un 
derlying substrate. Absent any additional shielding, the 
greatest amount of deposition would occur along this 
path of travel, and decrease progressively on moving 
toward the opposite sides of the substrate. Similarly, 
from FIG. 6 it can be appreciated how greatest material 
deposition would occur along each substrate path of 
travel, absent compensatory shielding. as can be appre 
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ciated in these two figures, the shielding projections in 
each baffle 42 or 80 functions to reduce deposition 
along a center strip containing the substrate path or 
travel, and allow progressively more shielding on mov 
ing away from the center strip. The rate of sputtering in 5 
the second target, and the rate of transport of the sub 
strate through the target is such as to produce a final 
film thickness of between about 300 and 1,000 A, and 
preferably about 400-600 A. 
As a final step in disk construction, the substrate may 

be further treated to form a hard protective coating 
over the thin film. The coating may be readily formed 
by sputtering a layer of carbon over the substrate in a 
third sputtering station. 
The opertional characteristics of the magnetic me 

dium produced in accordance with the invention will be 
considered. FIG. 9 shows the M-H curve for an exem 
plary disk, designated 0611-1-1RFB, having an approxi 
mately 1500Achromium orienting layer and an approx 
imately 570 A film composed of 75% cobalt, 18% 
nickel, and 7% chromium. Magnetic field values H are 
expressed in Oersteds; H and H values are determined 
directly from the M-H plot (each H-axis line marking in 
FIG. 4 represents 2X 102 Oersteds). Remanence values 
are expressed as M.tvalues were calculated by driving 
M, determined from the M-H plot (each M-axis line 
marking in FIG. 4 represents 4x10-3 EMU) by the 
examined area of the medium, expressed in cm2. 

Similar M-H hysteresis-loop measurement were per 
formed on two other exemplary disk, designated 0613 
1-1RCIA and 0613-2-1-LCIA, these disks differing from 
the above 1RFB disk only in the thickness (t) of the 
magnetic film, as indicated in Table I below. Measured 
values of remanence (Mt), coercivity (H), and saturat 
ing magnetic field (H) are shown for the exemplary 
disks in Table I. As seen, all three disks have remanence 
values above 3X 10-3EMU/cm2, and coercivity values 
of greater than 800 Oersteds. As expected, greater coer 
civity and smaller remanence values were observed for 
thinner magnetic films. 
The H/Hs ratio was calculated for each disk from the 

corresponding He and Hs values in the table. The ratios 
given in Table I show a loop squareness factor of 
greater than about 0.9 for each disk. 
The data in the final column in Table I are calculated 

values of Mr./He, a demagnetiazation parameter which 
provides a measure of the recording density of the me 
dium. The value is calculated for each disk from the 
corresponding Mt and H values given in Table I. The 
smaller values seen for the thinner magnetic films indi 
cate higher information storage density. More direct 
measures of information bit density, based on signal 
amplitude and resolution characteristics, are discussed 
below. 
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TABLE 1. 55 
t M. t H Hs Met/H 

disk (A) (EMU/cm). (O) (O.) H/H, (A) 
1RFB 570 6.2 x 10-3 800 840 0.95 787 
1RC1A 480 5.3 x 103 946 1050 0.9 559 
1LC1A 360 3.9 x 10-3 966 1070 09 406 60 

FIG. 10 shows a plot of signal resolution and signal 
amplitude, as a function of recording frequency, for the 
0613-1-1RCA exemplary disk characterized above. 
The amplitude and resolution measurements were per- 65 
formed using a 3350 manganese/zinc thin-film flying 
head obtained from Magnebit Corporation (San Diego, 
CA), having an inductance of 19 uH, a 35 microinch 

12 
gap, and a 0.002 inch track width. The head was oper 
ated at a 45 mA (peak-to-peak) write current, and at a 
spacing of 8 microinches from the disk. The disk was 
rotated at 3,600 rpm and the measurements were per 
formed at a radius of 1.3 inches. 

Signal amplitude, shown as the upper curve in the 
graph, was determined from peak-to-peak amplitude, 
measured in millivolts, as indicated at the left in the 
graph. The amplitude of an isolated pulse (I.P.), nea 
sured from a single pulse recorded on the disk, was 
slightly greater than 3 millivolts, as indicated. The sig 
nal amplitude at a recording frequency (density) of 10 
kiloflux changes/inch (kfo/in) was about 2.9 millivolts, 
and this value fell gradually, as shown, at higher fre 
quencies. The recording frequency at which the ampli 
tude dropped to about 1.5 mV-50% from its isolated 
pulse amplitude-in indicated at d50 in FIG. 10 and has 
a value, at the above recording conditions, of about 25.5 
kfc/in. This value indicates that the disk is capable of 
carrying 25.5 kilobits of information/inch at a 50% 
maximum signal level. 
The lower curve in FIG. 10 measures signal resolu 

tion in the disk as a function of recording frequency. 
Experimentally, a first signal is written at one recording 
frequency, and the recording signal amplitude is deter 
mined. The disk is then rewritten with a second signal 
recording at twice the first-signal frequency, and the 
recorded amplitude is again measured. The ratio of the 
second signal amplitude to first signal amplitude defines 
the disk resolution, here expressed as a percentage. As 
seen from the figure, the resolution drops from about 
96% at a recording frequency of 10 kiloflux changes 
/inch to about 53% at 25.5 kfc/in. The recording fre 
quency designated DR70, here about 22.2 kfo/in, is the 
recording frequency at which 70% resolution is 
achieved. This value, expressed in kilobits/inch, repre 
sents another measure of the information storage den 
sity of the disk. 
To measure disk writability, the first signal was writ 

ten on the disk under the conditions described above, at 
a selected frequency, e.g., 1,000 kfo/in, and a second 
signal at a higher frequency was then written directly 
over the first one, without erasing. The residual value of 
the first signal is then determined. The ratio of this 
residual value to the original signal amplitude (at the 
first frequency) is a measure of the signal residuum 
which remains after overwriting the disk. The calcu 
lated value is expressed in decibels in Table II below. 
The -36 dB overwrite value indicates good writability 
in the disk. 
Table II below status shows isolated pulse amplitude 

values (I.P.), D50 and DR70 recording frequencies, DR70 
amplitude, and overwrite (OW) values for the 1RC1A 
disk, as measured above. Similar measurement for the 
other two exemlary disks, performed with the same 
head and substantially under the same recording condi 
tions, are also shown in the Table II. A comparison of 
the Table II data with that in Table I shows the gener 
ally inverse relationship between isolated pulse amli 
tude (related to remanence) and coercivity, the higher 
coercivity in the thinner films being associated with 
lower isolated pulse amplitude values. All of the disks 
have an information storage density, under the record 
ing conditions employed, of greater than about 21,000 
bits/inch at 50% isolated pulse amplitude, and greater 
than about 19,000 bits/inch at 70% resolution. Over 
write values of -36 dB or less were obtained. 
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TABLE I 
P D50 DR70 Amp/DR70 OW 

disk (mV) (kfc/in) (kfc/in) (mV) (-dB) 
RFB 4.52 21.8 19.4 3.02 36 
RCA 3.08 25.5 22.2 2.1 38 
1LCIA 3.42 26.2 22.9 2.35 36 

A similar set of data for the same three exemplary 
disks was generated using a 3350 magnesium/zinc thin 
film flying head having an inductance of 8.7 H, a 35 
microinch gap, and 0.002 inch track width. the head 
was operated at either a 60 or 70 mA peak-to-peak write 
current and at a space of 15.5 microinch from the disk. 
The disk rotation and radius were as in the Table II 
measurements. The data are shown in Table II below. 

TABLE III 
IP D50 DR70 Amp/DR70 OW 

disk (mV) (kfc/in) (kfc/in) (mV) (-dB) 
1RFB 1.94 15.7 13.3 1.29 32 
RC1A 1.42 18.1 15.3 0.94 34 
LC1A 1.226 20.5 6.3 0.85 36 

The data indicate that, under the recording condi 
tions used, the exemplary disks have a storage density of 
between 15,000 and 20,000 bits/inch (at D50). Similar 
high performance characteristics were measured in the 
three exemplary disks using a magnesium/zinc mini 
mono head having an inductance of 12 H, a 35 micro 
inch gap, and a 0.0007 inch track width, where the head 
was operated at 40 or 45 mA peak-to-peak and at a 
spacing of 15 microinches. 
As seen above, the disk of the invention combines 

high coercivity and high remanence, giving excellent 
signal and information storage characteristics. Accord 
ing to one aspect of the invention, coercivity in the disk 
is increased substantially by the selected alloy composi 
tion used in forming the magnetic film, as will now be 
discussed. To assess the effect of the alloy composition 
on disk coercivity, disks having magnetic thin films 
composed of either cobalt/chromium (88/12 weight 
percent), cobalt/nickel (80/20 weight percent), or co 
balt/nickel/chromium (75/18/7 weight percent) were 
prepared, substantially according to the production 
method described above. Briefly, the disks were each 
formed with a chromium prienting layer, sputtered to a 
thickness of about 1500 A, and a magnetic recording 
film, sputtered to a thickness of about 400-500 A.M.t 
and intrinsic coercivity values for each disk were mea 
sured from M-H hysteresis-loop curves, as detailed 
above. Mt values were about 4.0x10-3EMU/cm2 for 
all three alloys. The coercivity values obtained were: 
cobalt/chromium, 500 Oersteds; cobalt/nickel, 650 
Oersteds; and cobalt/nickel/chromium, 950 Oersteds. 
As can be appreciated, the alloy composition used in 
forming the disk of the invention increased coercivity 
nearly twofold over that obtainable with binary co 
balt/chromium used commonly in the prior art. 
Angular variations in peak-to-peak recording signal 

amplitude, which measure film thickness uniformly and 
the degree of crystal isotropy in the disk, were also 
examined. The measurements were made using a Media 
Test Specialists certifier, operated in a conventional 
mode. The disk was rotated at 3600 rpm, and measure 
ments were performed at an inner-track radius of 1.2 
inches, and at an outer-track of 2.4 inches. 
The inner-track peak-to-peak signal amplitude, re 

corded as a track on an oscilloscope, is shown by the 
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14 
inner solid lines in FIG. 8A. The maximum peak-to 
peak signal amplitude, measured at the position indi 
cated at M in the figure, is about 10% higher than the 
minimum peak-to-peak amplitude arrow measured at 
position indicated at m. The outer envelope, shown in 
dashed lines in the figure, shows the peak-to-peak signal 
frequency measured over the disk at the outermast 
track. Again, there was only about a 10% difference 
between the maximum and minimum peak-to-peak am 
plitude measurements, as measured at the angular posi 
tions on the disk indicated by M and m. 

For comparative purposes, similar measurements on 
the angular variations of peak-to-peak signal amplitude 
were measured in a disk formed according to the gen 
eral procedures described above, except where the un 
derlayer and magnetic thin film were deposited under 
conventional sputtering-target baffle conditions, i.e., 
under conditions of low-angle asymmetrical sputtering 
and film-thickness variation which characterize deposi 
tion in a sputtering system in which the baffles de 
scribed herein are replaced by conventional rectangular 
frames. The results of the signal amplitude measure 
ments, which are performed substantially as described 
above, are shown in FIG. 8B. As in FIG. 8A, the envel 
opes of solid and dashed lines represent peak-to-peak 
signal amplitude variations over the surface of the disk 
measured at inner and outer track positions, respec 
tively. The signal traces seen in FIG. 8B differ from 
those in FIG. 8A in two important respects. First, there 
is a substantial angular variation in peak-to-peak signal 
amplitude, particularly at the outer recording track. As 
measured at the positions indicated by arrows M and m, 
where maximum and minimum peak-to-peak signal lev 
els were determined, the innermost track showed a 
variation of about 25%, and the outermost track 
showed a variation of about 40%. Secondly, the signal 
variation seen in the second disk, (formed under rela 
tively anisotropic sputtering conditions) shows a peri 
odic variation in signal amplitude, particularly at the 
outermost recording track. This periodic variation 
would be expected for a thin-film medium formed under 
sputtering conditions in which the symmetry of side-to 
side deposition was substantially different than front-to 
back deposition. 
From the foregoing, it can be appreciated how vari 

ous objects and features of the invention are met. The 
method of the invention allows for the production of 
magnetic recording medium having high magnetic re 
manence, coercivity and loop squareness ratio charac 
teristics related to the underlayer and magnetic thin 
film compositions of the disk, and these characteristics, 
as reflected in peak-to-peak recording signal amplitude, 
are substantially uniform over the surface of the disk at 
both inner and outer recording tracks. 
According to another advantage of the invention, the 

disk can be produced in a high-throughput sputtering 
system whose operation can be controlled, with high 
reproducibility, to achieve isotropic, uniform-thickness 
deposition layers of selected thicknesses. Quality con 
trol tests over a several month period on a group of 
disks manufactured according to the method described 
herein indicate that, in the absence of dust contamina 
tion, essentially all of the disks meet the stringent per 
formance specifications which were tested. 
Magnetic disks produced in accordance with the 

present invention have been compared in performance 
characteristics with magnetic 52' disks available from 
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several other commercial sources. One performance 
study, carried out by a major disk drive manufacturer, 
compared disks made by the present invention (Vendor 
6) with disks supplied by five other vendors (Vendors 
1-5). The tests were carried out using a mini-monolithic 
3370-type test head, 0.850 mill track width, 35 uinch 
gap, and a 13 pinch fly height at the inner diameter. The 
data rate was 7.5 megabits/sec, and the spindle speed, 
3600 rpm. The disks were compared for percent resolu 
tion at both inner and outer diameters, inner diameters 
signal-to-noise ratio, inner diameter pulse-width signal 
to-noise ratio, and inner diameter pulse-width at half 
amplitude (Pw50) measured in nanoseconds. Two disks 
from each vendor were tested. The test results are 
shown in Table IV below. 

TABLE IV 
Disk Res (%) Res (%) S/N(db) Pw50(ns) 

Vendor No. OD ID ID ID 

1. 1 87 77 48 142 
2 90 77 49 139 

2 ... 1 84 68 47 154 
2 88 70 43 155 

3 1. 88 79 44 133 
2 88 75 45 141 

4 1 88 73 42 141 
2 89 72 44 140 

5 1. 88 67 49 144 
2 87 68 49 151 

6 92 83 57 126 
2 88 84 55 122 

As seen, the disk of the present invention (made by 
Vendor 6) has higher resolution characteristics, particu 
larly at the inner diameter, a significantly better signal 
to-noise ratio, and a sharper pulse width signal than any 
of the other commercial disks tested. 

FIG. 11 shows the results of testing by a disk media 
manufacturer (not the manufacturer of the present in 
vention), to compare amplitude/resolution characteris 
tics of a number of commercially available 5' media, 
including the disk produced in accordance with the 
present invention. The six disk manufacturers are identi 
fied by number, with media numbers 2, 5, and 6 (pro 
duced according to the present invention) being the 
same as in Table IV. The data measures inner diameter 
resolution at a given frequency as a function of outer 
diameter amplitude. The target plot shows a calculated 
theoretical maximum, and is normalized to provide an 
inner diameter resolution value of 100 at an outer diam 
eter amplitude value of 100. The actual test data are 
plotted in relation to the target values. All of the media 
show the expected inverse relationship between ampli 
tude and resolution. Of the six media tested, including 
three media not shown in Table IV, the disk formed 
according to the present invention (#6) most closely 
attained theoretical maximum performance values. 
While the invention has been described with refer 

ence to particular and preferred embodiments, it will be 

16 
appreciated that various changes and modifications can 
be made without departing from the invention. 

It is claimed: 
1. A method of producing a magnetic disk having a 

5 substantially isotropic, uniform-thickness magnetic film, 
said method comprising 

placing a planar circular substrate on a pallet for 
movement, linearly and without rotation, along a 
path through a sputtering chamber having a first 
target adapted to sputter a crystalline underlayer 
onto the substrate, and a second, downstream, tar 
get adapted to sputter the magnetic film onto the 
underlayer, 

moving the substrate through a first region underly 
ing the first target, under shielding conditions pro 
vided by a fixed-position baffle which (a) limit 
deposition of sputtered material onto the substrate 
to substrate regions which substantially underlie 
the target and (b) provide substantially symmetri 
cal, substantially unhindered side-to-side deposi 
tion onto the substrate, and 

moving the substrate through a second region under 
lying the second target under shielding conditions 
provided by a fixed-position baffle which (a) pro 
vide substantially symmetrical, substantially unhin 
dered side-to-side deposition onto the substrate, 
and (b) provide less shielding between the target 
and substrate, on progressing radially outwardly 
away from a center region of the substrate parallel 
ing the path of travel, toward opposite side regions 
of the substrate. 

2. The method of claim 1, wherein the two targets 
each have left and right side regions. dimensioned to 
overlie left and right substrates, respectively, which are 
moved through the corresponding target region in a 
side-to-side fashion, and the shielding conditions within 
each target restrict deposition of sputtered material 
from the left target side region onto the right substrate, 
and from the right target region onto the left substrate. 

3. The method of claim 1, wherein the shielding con 
ditions in the second target region are provided by a 
structure which includes a tapered projection extending 
in the direction of movement of the substrate. 

4. The method of claim 1, for producing a magnetic 
disk having coercivity of at least about 700 Oersteds, a 
magnetic remanence of at least about 3X 10. 
EMU/cm2, a loop squareness ratio of at least about 0.85, 
and characterized by fluctuations in peak-to-peak re 
cording signal amplitude, over an entire circular re 
cording path, of no more than about 15%, wherein the 
underlayer which is sputtered onto the substrate is a 
chromium underlayer having a thickness between about 
1,000-4,000 A, and the magnetic film which is sputtered 
onto the underlayer is an alloy containing between 
about 70-88% cobalt, 10-28% nickel, and 2-12% chro 
mium, and having a thickness between about 300-1,000 
A. 
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